The mechanistic pathways underlying these unwanted effects of isoflurane have not been clearly delineated, though several studies suggest its neurotoxic effects to be attributed to the activation of several apoptotic pathways that include caspase-3 activation (Noguchi et al., 2017) , ribosomal protein S6 inhibition (Li, Xue, Luo, Hu, & Yu, 2015) , over-activation of GSK3β (Tao et al., 2016) , and the FASL-FAS signaling pathway (Yi, Cai, & Li, 2015) . Activation of these apoptotic pathways leads to impaired synaptogenesis, neuroinflammation, and subsequent learning and memory deficits. Cellular degeneration from isoflurane exposure may result in altered white matter integrity that damages fiber tracts, leading to the development of neurological and cognitive deficits. Clinically, the integrity of white matter is difficult to evaluate. However, non-invasive imaging techniques such as diffusion tensor imaging (DTI) are being used to detect myelin and axon pathology (Donovan et al., 2014; Kumar et al., 2009; Mac Donald, Dikranian, Bayly, Holtzman, & Brody, 2007; Song et al., 2005) . DTI quantifies the directionality of water diffusion, which moves preferentially along white-matter fibers (path of least resistance) and with reduced movement perpendicular to axonal orientation due to cellular barriers (Niogi & Mukherjee, 2010) .
Various parametric measures can be derived from DTI, including fractional anisotropy (FA; a reporter of tissue microstructural anisotropy), axial diffusivity (AD; diffusion parallel to the fibers, λ // ), and radial diffusivity (RD; diffusion perpendicular to fibers, λ ⊥ ). It has been suggested that AD correlates to axonal integrity and RD correlates to myelin integrity in major white matter structures such as the corpus callosum (CC) (Budde et al., 2008; Chang et al., 2017; Song et al., 2005) . Clinical and animal models of mild and moderate TBI using DTI have revealed altered water diffusion along injured fiber tracts (Donovan et al., 2014; Inglese et al., 2005; Kinnunen et al., 2011; Kumar et al., 2009 ).
Although anesthesia can result in negative effects during development, such as apoptotic neurodegeneration, deficits in hippocampal synaptic functions, and persistent behavioral and cognitive impairments (Jevtovic-Todorovic et al., 2003; Jevtovic-Todorovic, Boscolo, Sanchez, & Lunardi, 2012; Loepke et al., 2009) , few studies have investigated neural and behavioral deficits that may extend into adulthood Mawhinney et al., 2012; Wang, Ma, Fang, Xue, & Liao, 2015) . Mature brains may have a distinctive pathophysiological response to isoflurane compared to younger, developing brains, with differences observed in neurogenesis, neuronal differentiation, and cognitive outcomes after anesthesia (Stratmann et al., 2009; Zhu et al., 2010) . Furthermore, repeated isoflurane exposure may exacerbate negative pathological and behavioral consequences in a dose-dependent manner (Murphy & Baxter, 2013; Su et al., 2011) . The purpose of our study was to evaluate the long-term changes in white-matter and associated behavioral consequences after either single or repeated isoflurane exposure during development and its long-term effects in adulthood.
| MATERIAL AND ME THODS

| Animals
All protocols and procedures were approved by the Institutional Animal Care and Use Committee of Loma Linda University (IACUC #8130051) and the study was undertaken in compliance to ARRIVE guidelines. Twenty adult 3-month-old male C57BL/6J mice (Jackson Laboratory, Bar Harbor, ME) were housed individually in cages on a 12-hr light-dark cycle at constant temperature (65-75°) and humidity (40%-60%) and fed standard rodent chow (LabDiet ® 5LG4
Rat & Mouse Irr/6F) ad libitum. Animals were habituated to the single housing (~3 days) before the study began. Each small cage (28.4 × 17.2 × 12.2 cm) consisted of bedding (Bed O' Cob Corn), cotton nestlet, wire top, water bottle, and a filter top and cages were changed routinely once a week. Enrichment was added weekly by the animal facility (stainless steel cylinder 9.5 cm length × 4.5 cm diameter; Mouse Mezzanine, Techniplast, Italy, 11.5 × 11.5 × 6 cm).
All animals were handled gently and as minimally as possible. All experimental animals (n = 20) were randomly assigned to groups that
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received either single (n = 10) or repeated exposures to isoflurane (spaced 3 days apart; n = 10). All animals were used for behavioral testing and all mice survived to the 90 days time course of the study.
| Isoflurane exposure paradigm
Mice were anesthetized (isoflurane: 3% induction and 1% maintenance; Webster Veterinary Supply, Inc., Sterling, MA, with 100% O 2 as carrier) for 40 min each in an induction chamber (9.525 cm W × 22.86 cm L × 9.525 cm H; 2 L internal Volume) with a heating pad underneath that maintained body temperature at 37°C.
The mouse was then placed in an open aired recovery chamber (21 cm W × 22.3 cm L × 9.5 cm H; 4.4 L internal volume) with a heating pad underneath that maintained body temperature at 37°C and visually monitored for respiration, reflexes, and mobility.
Once the mouse was fully alert and mobile, it was returned to its home cage. Repeated anesthesia mice underwent an identical procedure, with an additional anesthetic dose 3 days later ( Figure 1a ).
The rationale for the 3-day interval was to model the bouts of anesthesia that others and we have used to induce single or repeated mTBI (Bajwa et al., 2016) .
| Behavioral testing
Behavior was tested 1, 3, 5, 7 days after exposure to isoflurane and again after 90 days ( Figure 1a ). All behavioral tests at each time point were carried out within the 12-hr-light cycle (7 a.m.-3 p.m. 
| Open field activity
Open-field testing assessed general exploratory behavior and activity levels (Hall & Ballachey, 1932 
| Balance beam
Fine motor coordination and balance were assessed using the balance beam test (Lekic et al., 2011) . Mice were placed perpendicular to the longitudinal axis at the midpoint of an acrylic balance beam 
| Foot fault
Foot fault testing was carried out on an elevated wire mesh (2.5 × 30 cm rectangular holes/grid spacing) raised 76 cm above the floor. Mice were placed in the middle of the wire mesh and their movements were both manually and video-recorded for a period of 60 s in two separate trials 30 min apart (Schmanke, Avery, & Barth, 1996) . When a mouse paw slipped completely through the wire mesh, it was considered an individual foot fault. The average foot fault score was calculated from the total number of faults in the two separate trials.
| Rotarod
The accelerating rotarod is a test of sensorimotor coordination and balance (Jones & Roberts 1968 ) that consists of a 3-cm diameter rotating horizontal cylinder (Rotamex-5; Columbus Instruments, Columbus, OH). Mice were placed on the cylinder and had to continuously walk forward to avoid falling. Latency to fall was recorded (Fujimoto et al., 2004; Jones & Roberts, 1968 Performance over days of testing is a measure of motor learning.
| Elevated zero maze
The elevated zero maze was used to assess exploratory behaviors in an anxiety-provoking environment (Shepherd, Grewal, Fletcher, Bill, & Dourish, 1994) . The maze consisted of a plastic 100 cm outer diameter ring, with a 10 cm wide channel (light quadrants) and the two opposing quadrants were enclosed with 35 cm walls (dark quadrants). 
| Tail suspension test
The tail suspension test was administered to assess depression-like behaviors (Dulcich & Hartman, 2013) . The tail suspension test is the gold standard for investigating depression-like behavior in mice.
Mice were suspended by the tail with adhesive tape that was attached approximately 1 cm from the tip of the tail. The other end of the tape was wrapped around a hook that was embedded in the center of the ceiling of a wooden box (19 cm × 21 cm × 40 cm).
Once suspended, the animal's head was approximately 20 cm from the floor of the box. The box was enclosed on all sides except for the viewing side, and lighting and sound in the room were kept at a minimum. Each animal received one 6-min trial in which mobility and agitation (struggling) were recorded for the duration. The amount of time that the animal remained immobile during the final 4 min of the trial was reported. Immobility was defined as the complete lack of movement by the mouse, even if it was still swinging back and forth from a previous struggle or if it was curled up while holding its paws (as long as it was not struggling or moving otherwise).
| Water maze
Learning and memory were assessed via water maze spatial navigation (Morris, 1984) , which requires an animal to learn the location of a hidden platform in a pool of water (68°-70°) using the visual cues from around the room. We have used this protocol in many of our previous publications (Bajwa et al., 2016; Bellone, Gifford, Nishiyama, Hartman, & Mao, 2016; Dulcich & Hartman, 2013; Hartman et al., 2006; Hartman, Lekic, Rojas, Tang, & Zhang, 2009; Kamper et al., 2013; Pop et al., 2013; Rudobeck et al., 2017) . The water maze consisted of a metal pool (110 cm diameter) filled with water that was colored opaque with white tempura paint. The pool contained a moveable platform (11 cm diameter) that the animal could step onto to escape the water. Animals were given a total of 10 trials per day for 5 consecutive days. For each trial, a mouse was released into the pool, with its nose against the wall at one of the four release points and allowed to swim to the platform. The trials lasted a maximum of 60 s. If the mouse did not find the platform in the allotted time, it was manually guided to the platform. Mice were placed in a cage next to a heating lamp between trials. An overhead camera recorded the swim paths, which gathered data for the quantification of distance, latency, proximity to the target, and swim speed by a computerized tracking system (Noldus Ethovision). Cued learning, which is a control task for assessing sensorimotor and/or motivational deficits that may affect performance during the spatial phase, was assessed on day 1 of the water maze protocol. The surface of the escape platform was visible (5 mm above the surface of the water) and a pole was placed on top of the platform to make its location more obvious. The location of the platform varied from trial to trial. Animals were released into the pool opposite the location of the platform and were allowed to remain on the platform for 5 s after finding it. As performance improved, escape latency and swim path length generally decreased.
Spatial learning was assessed on days 2 and 3 of the water maze protocol. In this phase of testing, the mice had to find the platform based on its relationship to the spatial cues around the room, rather than direct visualization. The escape platform was submerged 1 cm below the surface of the opaque water, and the location of the platform changed each day. After finding the platform, animals were allowed to remain there for an additional 5 s. A probe trial was administered on day 3. In the probe trial, the platform was removed from the pool, allowing the animal to search for the platform for 60 s. The amount of time the animal spent in the probe quadrant was measured, as well as the total number of times the animal crossed over the former location of the platform. An hour later, the platform was placed back into the pool at a new location, and the next sets of 10 trials were administered.
Spatial working memory was assessed on days 4 and 5 of the water maze protocol. In this phase of testing, the escape platform was submerged 1 cm below the surface of the opaque water, and the location of the platform changed after each block (2 consecutive trials). After finding the platform, animals were allowed to remain on it for an additional 5 s. Since the platform's location was unknown to the mouse on the first trial of each block, improved performance on the second trial of each block reflected better spatial working memory. Probe trials were also administered on days 4 and 5, before each working memory paradigm.
| Social recognition task
The social recognition test was administered to assess social interaction and memory (Semple et al., 2014) . Mice were removed from their home cages and placed in a novel cage, with bedding and a filter cage top, without a wire food hopper. During testing, an unfamiliar male mouse was used as a stimulus object and was placed into the cage with the test mouse for 1-min interaction/habituation sessions. Both the test and stimulus mice were allowed to move around the cage freely during testing. The same stimulus mouse was placed in the cage of the test mouse repeatedly for 3 trials. In the 4th trial, a novel stimulus mouse was introduced into the cage of the test mouse for 1 min. Mice were tested in groups of 5, so that each 1-min interaction was separated by approximately 5 min of rest. The endpoint for each interaction on this test was 1 min. Based on previous work in our lab (Bajwa et al., 2016) , we found that 3 to 4 trials prevented aggression and fighting behavior.
| Magnetic resonance imaging
Ten animals (single isoflurane, n = 5; repeated isoflurane n = 4; 1 animal removed from repeated isoflurane group due to a technical error) were randomly selected to undergo structural T2 weighted imaging (T2WI) and high-resolution DTI ex vivo at 90 days as previously described (Obenaus et al., 2007) (apparent diffusion coefficient), AD, and RD (μm 2 /ms) through DSI studio (Jiang et al., 2006) (Figure 1c) . The shape and height of the regions were the only parameters that changed to account for variance and thickness of the CC. We chose to investigate the CC because it is largest white matter structure in both rodents and humans, clearly distinguishable by MRI, and plays a critical role in relaying of sensory, motor, and cognitive information.
| Tissue preparation for histology
After MR imaging, the same brains (single isoflurane, n = 5; repeated isoflurane n = 4) used for imaging were prepared for cryosectioning as previously described (Obenaus et al., 2007) . Briefly, brains were placed in 30% sucrose and embedded in optimal cutting temperature compound (OTC, Tissue Tek; Sakura Fine Tek, Torrance, CA, USA).
Coronal sections (30 μm) were either directly mounted on slides (Superfrost plus, Fisherbrand, Pittsburg, PA, USA) for Luxol fast blue (LFB) staining (stored at −20°C) or were free floating (stored in cryoprotectant solution at 4°C) for histochemistry.
| LFB staining and quantification
LFB staining was performed on two adjacent sections centered within the anterior CC and posterior CC to evaluate changes in structural integrity. Staining was performed as previously described with a few modifications (Donovan et al., 2014) . Briefly, mounted slides 
| Statistical analysis
All statistics were computed using IBM SPSS 21. An a priori power analysis was conducted using G*Power 3.1 to determine the number of animals necessary per group to reach a minimum power of 80%.
After data screening procedures were completed, we determined that there were no outliers. 
| RE SULTS
Animals began the study with an average weight of 25.29 ± 0.66 g (mean ± SEM). There were no significant weights differences be- final average weight at perfusion was 33.89 ± 0.87 g.
| Exploratory effects
Repeated isoflurane mice spent more time at the periphery of the open field, exhibiting higher exploratory levels at 3 days (F(1, 18) = 21.22, p < 0.001, n = 20) and 5 days (F(1, 18) = 11.00, p < 0.001, n = 20; Figure 2a ). Overall exploratory activity did not differ between mice across testing days (p > 0.05; Figure 2b ).
| Delayed and long-term motor effects
Isoflurane-induced delayed and long-term motor coordination and balance deficits in the balance beam test. Mice exposed to repeated isoflurane had more right sided-slips than single iso- (Figure 3a) . Interestingly, single F I G U R E 2 Repeated isoflurane mice exhibited less risk-taking behavior. (a) Single isoflurane mice spent more time exploring the center of the open field activity test at 3 dpi (**p < 0.01) and 5 dpi (**p < 0.01). These differences in activity were negligible at 90+ dpi. (b) Repeated isoflurane mice exhibited higher anxiety levels by spending more time in the perimeter of the open field activity test at 3 dpi (**p < 0.01) and 5 dpi (**p < 0.01). Data are presented as the mean ± SEM F I G U R E 3 Fine motor deficits and turn bias were evident in mice after repeated isoflurane. (a) Mice exposed to single isoflurane and repeated isoflurane did not differ in the time spent active on the beam (p > 0.05). (b) At 5 dpi, repeated isoflurane mice made more right-sided slips on the beam than single isoflurane animals. These deficits were most prominent at 5 dpi (*p = 0.05), 7 dpi ( # p = 0.09), and persisted up to 90+ dpi (*p < 0.05). (c) Repeated isoflurane mice exhibited more turns to the right at 90+ dpi, however, these results did not reach statistical significance ( # p = 0.11). (d) Single isoflurane mice exhibited deficits on the foot fault task at 7 dpi (*p < 0.05). These deficits were not significant at 90+ dpi. (e) Neither group displayed a significant left-right turn bias while swimming on day 2 of the spatial water maze (p > 0.05). (f) Repeated isoflurane mice displayed a significant drift toward the left while swimming during the second probe trial (*p < 0.05; mean ± 95% CI.) Confidence intervals reveal that the left turn bias in repeated isoflurane mice are statistically significant (*p < 0.05), whereas no significant turn bias is observed in the single isoflurane mice.
(Negative values denote left-sided turn bias and positive values denote right-sided turn bias.) Data are presented as the mean ± SEM isoflurane exposure mice had more foot faults across the entire first week of testing, with differences reaching significance by day 7 (F(1, 18) = 4.35, p = 0.05, n = 20; Figure 3d) ; however, these deficits were negligible by 90 days. There were no significant differences in motor activity, anxiety-like behavior, or depression-like symptoms on the rotarod, zero maze, and tail suspension test, respectively (data not shown; p > 0.05).
Mice did not exhibit spatial learning differences at 90+ dpi (data not shown) nor swim turn bias in the spatial 1 water maze (p > 0.05; Figure 3e ). When the platform's location was changed to a new location in the water maze, 95% confidence intervals revealed that mice exposed to repeated isoflurane tended to veer toward the left while swimming (p < 0.05; Figure 3f ). Lastly, mice did not differ in behavior on the social recognition test (data not shown; p > 0.05).
| Long-term white matter alterations
DTI analysis of the CC revealed that repeated isoflurane exposure led to long-term disruption in water diffusivity only in the anterior CC. Overall, we did not see significant differences in diffusivity;
however, when taken into account with behavioral data, we explored whether there were hemispheric differences in diffusivity. 
| LFB staining for CC myelin
The signal intensity of LFB stained sections did not differ between 
| D ISCUSS I ON
Isoflurane is a common inhalational anesthetic that is used in many surgical procedures and animal research. Animal experiments permit anesthesia and its related adverse effects to be studied independent of surgical intervention and allow for greater experimental control. Though many studies have explored volatile anesthetic effects, few studies have shown the long-term behavioral and potential neurodegenerative consequences of repeated isoflurane exposure in adult rodents. We report for the first time that repeated isoflurane exposure (three days apart)
can lead to motor impairments and altered white matter integrity as late as 90 + days compared to rodents exposed to a single isoflurane exposure. To our surprise, mice exposed to repeated isoflurane presented with acute affective abnormalities and long-term AD alterations. These findings suggest that deficits and white-matter alterations are present for at least several months after isoflurane exposure.
Research on the short-term effects of volatile anesthetics has reported differing and sometimes contradictory results using a variety of outcome measures (Bar-Klein et al., 2016; DeYoung et al., 2017; Wang et al., 2016) . For example, isoflurane impaired spatial learning via neuronal loss of dendritic spines in the dentate gyrus and overgrowth of dendritic arbors in 18-day-old mice that were exposed for only 4 hr (Kang et al., 2017) . Acute spatial learning deficits (<8 days)
were also reported in adult rats exposed to a single anesthesia treatment Carr, Torjman, Manu, Dy, & Goldberg, 2011) .
Repeated isoflurane anesthesia exposure (6 exposures of 45 min across 3-4 days) impacted burrowing behavior and reduced exploratory behavior in adult mice, though these differences became negligible 8 days after anesthesia (Hohlbaum et al., 2017) . However, studies have also reported inconsequential changes, which may suggest additional research avenues about the adverse learning effects of anesthesia inconclusive (Wang et al., 2016; Zhou & Bickler, 2017) .
In fact, single or repeated exposure to general anesthesia did not impair spatial learning performance in young or aged mice when tested less than 24 hr after anesthesia (Butterfield et al., 2004) . Similarly, young mice exposed to 30 min of isoflurane anesthesia for 3 consecutive days (P7-9) exhibited mild spatial memory deficits, whereas P15-17 mice exposed for the same duration resulted in decreased anxiety-like behavior and no differences in depressive phenotype compared to control (Rosenholm, Paro, Antila, Voikar, & Rantamaki, 2017) . In contrast, another study reported that young mice and rats (P14) exposed to repeated anesthesia had impaired reversal learning and reduced neurogenesis, whereas these deficits were absent from older mice and rats (P60) (Zhu et al., 2010) .
Isoflurane exposure has been found to be associated with longterm learning deficits (Coleman et al., 2017; Liu et al., 2017) ; however, our animals did not display spatial learning and memory deficits on standard water maze testing. One study reported that adult rats tested 4 weeks after 4 hr of isoflurane exposure had poor long-term retention of the platform's location in the water maze, whereas a single isoflurane exposure did not affect performance (Callaway, Jones, & Royse, 2012) . Their findings suggest that behavioral impairments are present at least for several weeks after significant exposure of isoflurane, although our results suggest that spatial learning deficits may resolve long-term (>90 days) in mice.
Interestingly, we found that repeated isoflurane exposure induced significant acute motor deficits on the beam balance and that these differences continued long-term as indicated by significant left turn bias in the water maze and increased right turns on the beam balance. These impairments may be caused, in part, by damage to white matter and subsequent connectivity disruption, leading to behavioral and motor impairments. Specifically, alterations in the white matter integrity and diffusivity in our repeated isoflurane animals most likely contributed to deficits. Our DTI data showed that repeated isoflurane exposure induced alterations in the white matter, leading to a significant decrease in FA and an increase in RD within the right CC, and a significant reduction in AD within the splenium. These findings suggest that isoflurane-induced brain injury alters axonal and myelin integrity within the CC (Donovan et al., 2014) . Furthermore, our structural tensor isotropy analysis based on LFB-stained microscopy images further demonstrated altered organization or coherency of LFB-stained myelin sheaths within both left and right CC in the anterior slice. Interestingly, we found that animals exposed to a single isoflurane dose showed impaired performance on the foot fault test. We speculate that isoflurane dose may have differential effects on certain motor skills. It has been suggested previously that isoflurane anesthesia, especially in higher levels, results in burst-suppression EEG activity (Vincent et al., 2007) and alterations in the BOLD signal as measured by fMRI (Gozzi & Schwarz, 2016; Liu, Zhu, Zhang, & Chen, 2011) . Thus, a dosage study might prove beneficial in further elucidating the effects of repeated isoflurane and to establish a baseline for studies utilizing repeated isoflurane-based anesthesia in different doses.
It is possible that the aging process during the three months of time may play a role in producing the effects of repeated isoflurane.
However, given the previously reported age-related differences in DTI measures in C57BL/6 strain that show no significant alterations in DTI measures within the CC between one to 2 months (Kumar et al., 2012) and in 3 months and 6 months of age (Hammelrath et al., 2016) , the effects of aging may be negligible. Together, our results suggest that complex long-term microstructural alterations of both myelin and axonal components occurred in anterior CC after repeated exposure to isoflurane. Studies have reported that more invasive brain injuries (e.g., TBI) can alter axonally and myelin integrity (Donovan et al., 2014; Kumar et al., 2009; Mac Donald et al., 2007; Song et al., 2005 ), but we show here that repeated isoflurane exposure alone (total of 80 min) can be detrimental to white matter integrity with behavioral consequences. In summary,
we found that repeated anesthesia altered white matter integrity, which in turn led to behavioral deficits observable up to 90+ days later. Further studies will be necessary to confirm the translatability of our findings to other mouse strains, other species, and anesthesia regimens. Specifically, the examination of earlier time points to determine the onset and examine the temporal evolution of postrepeated isoflurane alterations. However, we believe that our study provides a novel insight on the long-term effects of repeated anesthesia on the brain and that similar effects are likely to exist in other species, although they may be different in scale or characteristics.
Isoflurane, when administered repeatedly, exhibits behavioral alterations as well as long-term structural changes within WM and researchers must utilize caution in animal studies to limit the dose and duration of all anesthetics. Furthermore, the potentially confounding effects of isoflurane anesthesia should be taken into account in study designs that may involve multiple instances of isoflurane anesthesia. Future studies that address the potential sexual dimorphism and various dose-based responses and those to repeated isoflurane exposure may greatly benefit both our scientific understanding of neurobehavioral responses to repeated isoflurane, as well as the future animal research studies that involve such paradigms.
| LI M ITATI O N S
One of the key limitations is that we chose to only study male mice; however, several studies have investigated the effects of isoflurane and sex, with female mice being more susceptible than males. In one study that measured the effects of isoflurane, female mice had reduced burrowing behavior and food intake compared to male mice (Hohlbaum et al., 2017) . In another study, a single exposure to isoflurane reduced cognitive performance in female rats compared to female controls and males (Murphy & Baxter, 2013) . In our study, we specifically show that male mice can have long-term adverse anesthetic effects. However, in a mouse model of melanoma growth, isoflurane exposure accelerated growth in male mice, but not in females (Meier et al., 2018) . This may suggest that the effects of isoflurane may depend on injury and immune factors. In addition, single isoflurane mice exhibited deficits on the foot fault test and these results may need further investigation.
Isoflurane dose may also have different effects on various motor skills as well as structural alterations, thus warranting follow-up studies to include dose-based designs.
Another limitation is the lack of a control group in this study. We have previously tested control mice (no anesthesia) on behavioral paradigms and found that they did not differ from control-anesthetized mice (manuscript in preparation). Therefore, to reduce the number of animals in these experiments and to prevent redundancy, we did not include control mice. In addition, since animals were randomized to groups prior to behavioral testing, we did not find it necessary to conduct baseline behavioral testing.
In addition, the lack of temporal understanding in how post-repeated anesthetic effects on WM develop necessitates a longitudinal study for a more complete understanding of when and how WM alterations occur. Although we had elected not to study earlier points in time due to our particular interest in long-term outcomes and the inability to perform in vivo imaging at multiple time points due to the required additional anesthesia exposure, the benefits of examining earlier time points to determine the onset and to examine the temporal evolution of the post-repeated isoflurane alterations is undeniable.
Furthermore, the imaging technique used, while able to detect significant changes in WM microstructure, was not very specific to different types of changes within the microstructure and thus cannot be directly translated into cellular and physiological alterations within the tissue.
More advanced imaging techniques such as NODDI and comprehensive histological examination of WM components will allow a better understanding of the cellular and physiological basis of the deficits observed.
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